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(57) Abstract 



The subject invention concerns novel materials and methods for the detection, treatment, and prevention of human osteo- 
arthritis. Specifically, the cleavage site where aggrecanase cleaves aggrecan has been identified. Identification of this site, as well 
as the nature of the enzyme, facilitates specific treatments which block or diminish the activity of the enzyme. A further aspect of 
the invention concerns methods for detecting evidence of osteoarthritis. 
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NOVEL CQMPOfimOMS AND METHO DS FOR T>RTT>f| TON 
AND TREATMENT OP HUMAN OST ROARTW ^rn g 

Background of the Invention 
Joint diseases are a major erase of disability tad iettencm ia the ind«ilaHi^ 
countries and are thus of great socioeconomic agnfftomcr, Of the jedm diseases, osteoarthritis 
(OA) has by far the greatest prevalence, and it has been calculated that, hi the United States, OA 
* responsible for the consunrptiOTcf^ 
rheumatoid arthritis. (Kramer, XS, EH. Yelin, W.V. Epstein [1993] Arthritis Rheum. 26501-907). 
OA is a slowly progressive disease of multifactorial etiology. The rate of disease progress wfll vary 
greatly between different parfmn, depending on the underlying pathogenic factors. Consequently, 
progress from the very early stages to the overt, diiiical mge* 
15 decades. 

The diagnostic criteria tor OA are currently based on the clinical presentation and 
obligatory radiographic signs (Atanan, RJD„ JJ. Fries, DA Bloch et oL [1987] Arthritis Rheum. 
30:1214-1225). Since the radiological diagnosis is usually based on a decreased ^oint space,' it 
depends on the actual destruction of joint cartilage and wQl therefore be made only late in the 
disease. We lack routine methods to diagnose -preOA" or "preradiologicar stages of OA a 
reflection of our lack of techniques to monitor the joint cartilage in vivo. We are thus unable to 
determine the ongoing disease activity or the prognosis for the patient threatened by joint 
cartilage destruction. Moreover, we are unable to monitor with any precision or specificity the 
effect of pharmacological or surgical intervention aimed at retarding or reversing cartilage 
destruction in OA or other joint diseases. Any new and improved techniques to diagnose and 
follow OA need to monitor the present in vivo state of health of the cartilage, not only provide 
a historical record of past destructive disease. 

The details of the mechanisms involved in the disease process of OA are not known. 
Presumably, the pathogenesis is multifactorial, with genetics, joint malalignment, joint overload 
or trauma, obesity, and aging as some of the known or suspected contributing factors. Even less 
wen known is hew these genc^ factors are t^ on the tissue and 

ceUleveL It may also be that the initiation and progression of OA are controlled by different 
factors. Since, however, changes in the properties of joint cartilage and loss of matrix components 
are an integral part of the disease process, it can be argued that degradation of cartilage matrix 
is a key event at some time in the development of OA During this process, matrix molecules, 
r fragments thereof, are released to the joint fluid and eventually to other body fluids. These 
molecules and fragments could be used as markers of cartilage turnover in OA and other joint 
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disease* (Lahmaada, S. [1988] CBi BheumatoL 237-62; Tohmnnrtrr, LS. [19901 "Cartilage 
markers ia joint fluid JEa human osteoa nhi itfe,' m: Brandt, K, ed. Cartilage changes fa 
. aueoarthrias, TndfenapoBg: Indiana University Schnnl nf vfwWrfn ^ yp^, (TSBN 0 914168^30-8), 
pp. 98-104; Tflrmnmd r r, LS. [1990] "Csteoartariris: l^MiDdd^iiidldblecalarMjtttaoi-fii: 
Marondas,A,KKncttncr,rrti Mifftnrfi fa OmUage Research, London; Academfc Press, pp. 337- 
340> 

The agpegatfagprotec^facmtfarticalar cartilage cj iggm^fa mmpnt f tf <tftpT ftt *f n 
core to which ii attarhrrf ehondroltln sumac, keratan mrnue. and tmth y jfnwwt «ui r mnw^i 
oHgnsa o r haridea. The protein care has an extended central segment, to which the 
glyuaainiiioglycan chains are attached. At the NHj terminus, two globular domains, known as 
Ol and G2, are separated by a short segment known as the interglobular dnmafa (IGD). At the 
COOH terminus, a single globular domain, G3, is round. The Gl domain is involved in the 
tinting of aggrecan to hyaluronan and Bnk protein, an interaction that probably serves to 
rmmobffizD the proteoglycan in the tissue (Doege, K, M. Sasaki, T. Krmura, Y. Yamada [1991] 
15 ZBtoL Chan. 266:894-902). 

The catabofism of aggrecan in cartilage ezplants has been ibund to involve WmHt* 
proteolysis of the core protein with the release from the tissue oflargecxtondro 
spedes. Analysis of these major catabolic products with antibodies to the Gl to 
taatan sulfate (Ratdifte, A» J. Tyler. T> Hardingham [1986} Biochem J. 23&5714S0) have 
20 indicated that such proteolysis separates the Gl domain from the remainder of the molecule. 

Tnt e rfrailrfn- la (IL-la) has been shown to induce increased "whni^ of aggrecan m cartilage 
explaats, and high levels of IL-1 in human joint effusions may be responsible for the cartilage 
degenerarton seen fa fnflnmwiatrny jnfnf dfrfasfg. 

The disease Tnrcfianhnw active in OA are undear. bnt changes in tha h irv^ j^i a ^ 
25 Momwhmfc al properties of joint cartilage, changes in chondrocyte maim syn th^ finally 
a gradual destruction of the matrix are characteristic of the disease process. Osa^\^ 
proteoglycan, fragments are released to joint fluid after knee injury and in earfy stages of both 
posttraumatic and primary OA in the human (Lohmander, LS, L. Dahlberg, L Ryd, D. 
Hemegard [1989] Arthritis Rheum. 324434-1442; Lohmander, LS, L Dahlberg, L RYD, D. 
30 Hemegard [1990] Trans. Onhop. Res. So* 15212 [abstr.]; Lohmander, LS, L Dahlberg [1991] 
Z>»s& OrAap.Res.Soc.iezn [abstr.]). An important iole for matrix metaTtopr m 
nannal turnover ofconnective tissue matrix and in the tissue destruction seen in, for example, OA 
has been snggested (Docfaerty, AJ.P, G. Murphy [1990] Ann. Rheum. Dis. 49:469-479; Murphy, 
G, ILM. Hembry, CE. Hughes, AJ. Fosang, TJL Hardingham [1990] Biochem. Soc Trans. 
35 18:812-815), and an imbalance between tissue metalloproteinases and inhibitors has been 
demonstrated in animal model OA cartilage, in joint Quids from patients with recent joint injury, 
and in OA joint fluids. Further, increased expression of mRNAs for collagenase, stromerysin, and 
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•J^ cdb Ihm rtcumaiold or o«eo.n^ 

34|W7M084; Flrestein, G.&, AIM. faint, BJl Unman [1991].4nftrtfr Jtteum. 34:1094-1105). 
However, no definitive evidence has yet been presented which demonstrates that these enzymes 
«directty involved in cmilagen^biealnowninOA A detailed charncterfzatton of matrix 
faq^rden^iram joint catto 
the degra<iatrw mechanisms. 

Characterization of «gg«an fragments released 
tatetlenkin-lmv^hasdenu^^ 
the proteoglycan core protein which release. 

JJ5, P J. Neame. RJi Bqynton. CR. Flannery [1991] IBbLOum. 266*683*585). 

Brief Sum mary of the ]toveotion 
The subject invention concerns novel compositions and methods tor detection and 
treatment of aggrecan breakdown associated with" human osteoarthritis. Aggrecan is a 
proteoglycan associated with collagen which constitutes the ffl,ro« prot dn framework cTcanilaje. 
Aorecanase is an enzyme whose activity is responsible tor the pathological breakdown of 
•Orecan. Tl»e superinvention concerns the identificattonoftbede^ 
deaves.aggrecan. We have further characterized the breaks 
proteolytic action of aggrecanase on aggrecan. 

Frmntliblcnowiedgectf the nature 
to accurately detea the onset of osteoarthritis (OA) or monitor its progression. Also,. tether 
aspect of the invention pertains to the administration of therapeutic agent, for the inhibition or 
prevention of the enzymatic activity of aggrecanase. Thus, in one entbodiment of the invention, 
ainetalto or cysteine proteased 

osteoarthritis. The protease inhibitor slows or eliminates the enzymatic activity of aggrecanase. 
^alleviatingthed^^ A further therapeutic embodiment of die subject invention 
is the adntinlstnuion. to a person m n^ 

ostein, or peptito^ These peptides v4uch act as enzyme 

substrates can reduce the levels of enzyme available for destruction of aggrecan. A further 
therapeutic enibcdiment of the subject invention is the adnunistration of antibodies to the specific 
deavage site of aggrecan, or the region of the aggrecan molecule comprising the deavage site. 
Has antibody binds to the aggrecan molecule, preventing aggrecanase from acting at that site. 
Alternatively, antibodies which bind to the aggrecanase may be administered. These antibodies 
reduce or elirninate the activity of aggrecanase by binding to the enzyme. 
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The subfcg invention farther con« 
of aggrecan breakdown product ! . These breakdown products can be detected by, ibr crample, 
assays utfffrfng antibodies specific fig the breakdown products: 

nfcHosme of the Invention 
Tlie subject invention concerns mafftrfalt and methndg frirth^ ^w^z^ n p rr V p jni rm 
tre atment of osteoarthritis (OA). Th^favgnrfnn arfa^ fro™ ™*r*A»rrtifinri(m *f ^ ^ 
where aggrecanase acts an human aggrecan. We have also chatartrrfrftd the fragment* «mitfag 

In the examples whltfi follow, we de^^ 
fluids obtained from patients with recent knee joint injury or early or late stage OA. We 
ihow Oat the major aggrecan products present in these synovial fluids are relative 
eomposol of a segment of the interglobular domain attached to die G2 domain. theKSd omofa 
and variable lengths of the cbondroitin sulfate domain(s). 
15 Synovial fluid was collected from patients v^ recent kneeing 

early or late stage OA. Qiondroitinsnlfete-suhs^ agg mrm fragment* pr^nt it, ttw^ 
were purified by cesium chloride gradient c entrffl i ga ifan. enzymatically deglycosyiated, and 
fra cti onat e d by gel ffltratibn on Superose-12. Eadi sample contained two major aggiecan core 
protein populations with apparent molnrnlar masses of abont 90 fcD and abont 150 kD. Rvall 
20 samples, NHz-terminal analysis of both populations gave a single major «^pmnf beginning 
ARGSV. This NH2 tezminus results ^om cleavage of the human aggiecan core protein at the 
Gin 373-Ala 374 bond within the interglobular domain between the Ol and 02 rfmrnHn* We 
have determined that the release of aggrecan fragments from articular cartilage into the synovial 
fimd seen at all stages of human OA is promoted by the action of a normal cartilage proteinase 
25 (aggrecanase) which deaves the Glu 373-Ala 374 bond of the interglobular domain. 

We have also rtctrrminrd that posttraumatic and OA human synovial fluid contains at 
leasttwo populations of aggrecan fragment^ 

cany the NHjrterminal sequence ARGSVILXVK, situated within the interglobular domain. It 
is dear that this NH2 terminus (Ala 374) was not generated by proteolysis 
30 with chondroWnase and kcratnnasrv nor at subsequent stages in the isolation of core proteins; 
thus, in control studies with deglycosyl^^ 

terminal sequence obtained, VEVS, corresponded to that expected for the intact moWni* 
addition, the N^-tenninal sequence FFGVGGEEDDCVQ (initiating at Phe 342) was obtained 
after deglycosylatfon f stromelysin-generated CS-bearing human aggrecan fragments, with no 
35 evidence of an NH^tenninal sequence beginning at Ala 374. 

Such spedes would appear to represent the bulk of the CS-bearing fragments present in 
osteoarthritic human synovial fluid for the following reasons. Firstly, greater than 94% of the 
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fragments recovered from the CsQ gradient were recovered in die Dl taction. Secondly, all of 
the fragmenti m socfa Dl fractions were present in the void vohane an Superose-12 fractionation, 
and degrycosyiation of nch samples generated only two popnlationi of aggrecan core protein 
(termed pools I and II). Thirdly, the only detecable sopaicem both pool I and pool H samples 
waa AROSVILXVK, and the molar yield of tills sequence was generally abont 25% of the startmg 
protem used m preparation of the samples (assmnmga motocularmassof 150mtothesecore 
proteins). This appears to be a reasonable yirlrt. tfmr two chromatographic g^pa, nrftii ™~u%^ 

lOSBCS. were naed in sample jnjarmHm fnr twqn^twh.^ M1M | ttv y^M | n p^tmtn tffgpMtoHn,! fa 

often only 40-80% of expected. 

The protease responsible for deavage of the Ota 373-Ala 374 bond in the interglobular 
domain of aggrecan is widely distributed, and it would appear to be part of a general m^h 
for the catabolism of aggrecan in both normal turnover and in pathological rftnntfrirc 
implies that this enzyme is normally expressed by chondrocytes and that ctverexpression of this 
activity may be a ley event in the pathogenesis of disease states involving accelerated cartilage 
15 degradation, snch as osteoarthritis. 

The finding of this predominant NHr terminal sequence on aggrecan fragments in all of 
these situations suggests that the enzyme which cleaves the Ota 373-Ala 374 bond acts on the 
majority of ca r a pol tod molecules and that ft catalyzes the most COOH.te nnfa«i rffg wy -tthh, 
themterglolralar&nnam. It is possible that this enzyme acts seconoariry to other proteases which 
20 cleave the interglobiilar domain nearer to the NHj terminus. 

In this regard, it may be relevant that ttromelysin-1 cleaves the interglobular domain of 
human aggrecan (Flannery, CR, M.W. Lark, 3D. Sandy [1992] /. BioL Chan. 267:1008-1014) at 
the Asn341-Phe 342 bond. Further, a proportion of the Gl domain which accumulates in human 
articular cartilage has Asn 341 as a COOH terminus, indicative of stromelysin-1 action m am; 
25 stromelysin-1 does not, however, appear to catalyze the deavage of the Glu 373-Ala 374 bond 
(Flannery etaL [1992], xupra). 

The protease which cleaves the Glu 373-Ala 374 boim of aggrecan inay be a mentber of 
the tunily of matrix metalloproteinases,niany of wWchh^ 

as effectively as stromdysm. Alternatively, it might be a member of the cathepsin group of 
lysosomal cysteine proteinases (Barren, AJ„ D J. Buttle, R.W. Mason [1988] ISlAttas cf Science 
Biochem. 256-260). There is direct evidence that in human cartilage in vivo, a proportion of the 
Uric protein has been cleaved by cathepsin B, which is presumably derived from the chondrocytes 
(Nguyen, Q, J. Liu, PJ. Roughley, IS. Mort [1991] Biochem. I 278:143-147). 

The finding that products of this enzyme are present in the synovial fluid of patients 3 
days after anterior cruciate ligament rupture, 15 years after medial meniscectomy, and after 10 
years of primary OA with extensive cartilage loss, suggests that expression of this activity may be 
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Isolation of aggrecan fragments from fnfat ihria. Synovial fluid samples were adjusted to 
4 M guaaldiiiftHa 005 M iodiam aoet^ 

l/tg/ml pcpstatin, pH &&, and ccntrifhged at 20UQ00 g for 30 minute* tn remnew any pmrtpnm* . 
SoHd GO was tliea added to a density of L45 gM and gradients established by centrjfagatian 
a*40^rpmfor4SlioiiBatlQ'C The tabes were sliced in three equal parts to yield fractions 
Dl (bottom) to D3, and samples were dialyzed at against OJBMsaltam acetate pH&8 with 
pro iravtfnniMfrmi After a final diah^agamst water, the sanmles were tyoplmlzed, and portions 
were assayed for total protein or papain digested for assay nt giy nr w im i n^ g^n The maomble 
gel oaDected from the top of the gradient tabes was (Haryzed and lyophffized together with the top 
gradient fraction. 

15 r%W WI«T l**qTOK$Bg PPy^as Proteoglycatt and gtycrewmfnoglycan were determined 

as chniidraitin sulfate (CS) equivalents bydimetlwlmcthvleneblne. arfng aharfc-ehnmt miftn -ifct» 
as standard. Protein was determined nrfn g rim hirfnHimrimv arid away wt from oi»mfr»i 
Co, Rockfcrd, IL, with bovine serum albnmin as standard. Amino »r M sequence analysis was 
performed on a sequencer (473Aci 477A; Applied Bic«ystems,Inc, Foster City, CA) with on-line 

20 phenylthlohydantcro analysis. For deglycosylation, Dl samples in 50 mM Tm acetate, 10 oM 
EDTA, pH 7.6, were treated at 37°C with chondroitinase ABC (D175 U/mg CS) for 2 hours. 
Samples were adjusted to 5 mM PMSF and 10 mM #<thylmalemiide and ™™hat»4 for 1 hour 
wfth kwatanasft (0.1 U/mg starting CS) and finally with fceratanase g (00025 U/mg starting CS) 
for a further 1 hour. This procedure resulted in a >90% reduction in the reactivity nf an m^u 

25 with dimethylmethyieaeblue. Core protein preparations from Superose-12 were concentrated to 
05 ml and desalted on a fast desalting column eluted with water before drying for sequence 
analysis. 

Fallowing are examples which illustrate procedures, including the best mode, for 
30 practicing the invention. These examples should not be- construed as ihniring All percentages 
are by weight and all solvent mixture proportions are by volume unless, otherwise noted. 

Faamnlft 1 - Isolation of Aggrecan Fr agments from Synovial Fluid 

Synovial fluid from seven patients were subjected to Csd gradient centrifugation and the 
35 gradient fractions were assayed ibr gfycosaminoglycan and protein. In all samples, >94% fthe 
grycosammogrycaaand <Z5% of the total protein were recovered from the gradient in the bottom 
traction (Dl, density «L55 gfal). This indicates that the bulk of the aggrecan fragments present 
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in these synovial fluid samples was of high buoyant density and therefore rich in chondrolUn 
sul&te relative to protein. 

A portion erf the Dl fragments was analyzed on Sepharoee CL-2B in the presence of 5% 
(wt/wt) hyalnronan and 4% (wt/wt) link protein. Hie two profiles were 

si^oflaf and showed 

5 the presenoe of a polydisperee population of CS-bearing fragments (peak Kav ~055) which did 
not form aggregates with hyahtronan and link protein. The fragments ehtted later on Scpharose 
CL-2B than aggrecan monomer from mature hnxnan cartilage (peak Kav «038), bnt not as late 
as a tiypdc digest of mnwrmer (peak Kav mQ.70), or a papain digest of mr*™^ ^ (peak Kav 
•0.79). The results indicate that aggrecan fragments from these Joint fluids completely lack a 
10 ftrocrtnml Gl domain and also that they have been deaved, •ithrmg^ qqc extensively, within the 
OS-bearing df>wM*t™i 

Consistent with these findings, fractionation of synovial fluid Dl aggrecan fragments on 
Superose-12 showed that in all cases the CS-beaiing species were large enough to be »«* u tfr d 
from Superose-12, which has an esdusion limit for doorans of «300 kD. In addition, 

IS ftarrinnatffm Of degiyrnqflalgd Dl tamptea nn farffrgffll that t\p mfijfTT IggTTl ~TT1» 

protein species in an samples were in the apparent mni^^ r XQits% range of 90-150 kD. 

Rsanmlc, ? - Characterization of Gore Proteins 

A detailed analysis of the Dl aggrecan fragments from three patients was carried out 

20 Th#> SflmpW wr+ mtitamlnot^ tn a varying qrftH won«ggrmm pTOfehl ~h H l rfutf d fa tlw* 

induded fractions with an apparent size below 66 kD. This material was presumably trapped" 
with the Dl aggrecan during ulttacentrifugation, possibly as a result of a high concentration of 
hyaluronan and protein in these samples. The identity of these proteins was not farther 
investigated. 

25 After deglycosylation, 214 nm absorbance profiles for each sample showed two major 

peaks (pools I and II). Tbe 214-nm absorbing species were apparently not generated by the 

deglycosylation step but were present in the starting material 

The proteins duted in pools I and It were both derived from the high molecular weight 

CS-bearing aggrecan fragments. Tbus, when other portions of Dl samples were purified on 
30 Superose-12, and fractions 4-10 were pooled for deglycosylation, the 214-nm profile of these core 

samples on Superose-12 again showed the characteristic double peak. 

Example 3 - ^ r Tarpfaft i Analysis of Aggrecan Core Proteins from Synovial Fluids 

The aggrecan core preparations from Superose-12 chromatography of human synovial 
35 fluid samples were taken for Nonterminal analysis, and the results, with apparent picomole yields, 
are shown in Table 1. 
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ninal sequence dt» 6 

flHITMt UlilUI WW imp 


stained for Dl aggtecan frugniffm 

IMiniini Uj Jy^a UW*i^ gCL 


s 


Synovial fluid 




Sequence 


* Mf^l^f 

Approot yield 
(vntd) 




T 
X 




3a 


n 


AROSV 


32 


Patient D 


i 


AXGXVIL . 
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ARG5VILXVK 


39 


Patient F 


i 


ARGSV 


11 


n 


ARGSVUXVKPIFEVXP 


145 


Patient G 


n 


ARGSVIL. 
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For all synovial fluids analyzed, and for both pool I and pool II core protein specks, the 
major sequence obtained dearly corresponded to the human aggrecan thiit beginning 
ARGSVILTVKP, which initiates at Ala 374 within the interglobular domain* Interesting^, the 
15 eighth residue could not be detected in any sample, and since this it a threonine in the cDNA- 
derived sequence, it seems Hkriy that this residue is modified, probably by 0*ubstituted 
carbohydrate. The finding of the same NHj terminus on pool I and pool II core spedes suggests 
that their separation by size is due to different COOH termini, consistent with limited deavage 
within the CS domains) as discussed above. 

20 

Example 4 - Assays for the D etection of Evidence of Osteoarthritis 

In one embodiment of the subject invention, aggrecan breakdown products are detected 
using a monoclonal or polyclonal antibody-based assay. An antibody, or «irthrvtf n to the 

principal breakdown prodnds described herein can hg readily pmdnced Tirtlfrfrig p pr y^ l ^i i ^ ^hjfjt 

25 are weA known to those skilled in the arL These antibodies can be used in ant^^ 

and kits such, as ELBA systems, Fbr example, biological fluid can be *™j*<mrrt with a solution 
comprfcmg these antibodies Tlie biological flnM is, preferabfy,q 

the biological flnM may also be, Ibresmp If breakdown products 

are present in the b io logical fluid, then the antibodies will bind to the products. Binding erf the 

30 a ntib o dy to breakdown products can be detected in a number of ways. For example, a second 
antibody with a detectable label (fluorescent, for example) and which binds to the first antibody 
can be used to determine if the first antibody bound to any breakdown product 

The assays of the subject invention can be used to detect the onset of osteoarthritis or 
to monitor the progression of the disease. For example, this assay can be used to evaluate the 

35 effectiveness fa treatment for OA. 



WO 93/22429 



PCT/US93/04029 



It ahcnld be understood that the cample, ind wnhortfmmu Ascribed herein ire far 
ffliataliw purposes only and that various modtflnriont or change, to Hg ht tlrfTgf ^ ^ 
suggested to penoot sUled in die art and ire to be included within die spirit and purview of thai 
application and die scope of the appended rf*«mf 
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L A proteinase whfdideavej human aggccan Alt 374. 



2. A method fcr preventing or lalndng the effect* of oateo arth iiili, said method 
^W"MngariTnfnftterittgro«riaticm 

redoes the eflfactt an aggrecan of die proteinase of dafm.1. 

3. The method, according to date % wherein ■« ewnpn«ftf TO 



4, Hie method, according to daim 3, wherein said inhibitor is a metaDoproteinase 



5. The method, according to daim 3, wherein said inhibitor fc a cwtrfne pm frin W 
fnhfhfync 



d netted, accoumg to c^ 
substrate. 



7. ^method; accordmg to dated 
adds Gin-Ala. 



8. ^ method acccadmg to da^ 

9. The method, accordmgm daim 8, wterems^ 

10. *^ method aocordmg to claim 9, wherem 

aggrecan m ole cu l e which comprises the amino adds Gin m a ^ Ala 374 

1L The method, according to daim 8, wherein said antibody is an antibody to 



12 A method for monitoring the onset or progression of osteoarthritis, said method 
comprising assaying a sample f biological fluid, from a human suspected or known to have 
osteoarthritis, for the presence of aggrecan breakdown products. 
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1 13. Tlie method, aaxmiinf U 

2 at a cksvap of aggrtcan between Gin 373 and Ala 374. 

1 14 Tlie method, aooanling to daim 12, whereta 

2 group consisting of synovial fluid, urine, scnnn, and lymph fluid* 

1 15. The method, according to claim 13, wherein aid breakdown products have an 

2 apparent molecular man of about 90 kD or about 150 kD. 

1 1& The method, according to daim 15, wherein said breakdown product has an N- 

2 tenninal amino add sequence of AROSV. 



1 

2 



17. The method, according to claim 16, wherein said method is used to follow disease 
progression to determine the effectiveness of a treatment. 
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